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C, NbC, T i N, H f N, (W, Ti) C, (W, Ti, Ta) C, (W, 
Ti, Ta) (C, N) , (W, Zr, Re) C, (T i , W, Mn) C, (T 
i, W, Mo) (C, N) ^j:t'^mif^^t:^^X^^o^L^^Bi\:^mm^ii. 4 

oi^m%^m^x±^ < >^-2> mmK'mim^^7€m^mmLfz^:}jM,m^it 

(O^I^O 56s$?$L<. -?-0>f-e^>#H 1 -3 0#:«%/6^^$?t Lv^o 
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/N^^-^/A, /-^■f-v'^A, — :f7\ ^nA, 

mm-k!^, ^tt^[6]±^-^^o 7^:^H^BM^<b^t?'^cr>^2@v#7u:^<7)@v#S{i 
^ 0. <. ^tt;3Ml%^Mx.T@v§$^-tir^i 

h\tWMr^^^fz^. 0. 1 ~3m»%yi^^$?t Lv^o 

[0 0 2 01 
[*M^0 1 ] 

i^Wi'^^X\j^hm^%iP^'^ii^^ . 5/imOW, 0. 0 2 ^m<7)^-.i^->r^ -7 
^ (CtiSI") , 0. 2//m<7)Mn02, 3. 5y«m<D^SMn, 0. 5 
WC (WC/FilEI") , 0. 0 5-0. l//mOTi02, Ta205, Cr20 

'i<>±B-JjatC5EmL;t:f^. m^^H^'^lctf A LTijnUftL/io 1 2 0 0t:tT-{±2 
0 P a <^K^'t'<!: L. M n O^^fb • ^tS:^|55ihf -6 t'cA^jI; 0 . lMPaOAr:^f 
>^^*AL7^cf^. S 1 t'#ISL7tfiJt-e 1 . 0B#rHimt1--5.-<btci:o-CS A~ 
S J OMMiS^^^tfTtlo 
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mi] 



mm 


S2 ^ a ^ 

(aa%) 


Ma 


(sa%) 


S A 


93. 4W-6. 3C-0. SMnOj 


1500 


wc 


S B 


93. 3W-6. 2C-0. 5Mn 


1500 


wc 


S C 


92. Off-6. 5C-1. 5MnOj 


1500 


WC + 1. 3(W,Mn)2C 


S D 


96. 9WC/F-0. lC-3. OMn 


1550 


WC + 0. 7(W.Mn)2C + 
1 . 2Mn7C3 


S E 


91. 8W-6. oC-l . OMnOj-O. STiOj 


1550 


WC + 0. 5 (W,Mn)2C 


S F 


98. lWC/F-0. 4C-1. OMnOj-O. STajO, 


1550 


WC 


S G 


92. 8W-6. 2C-1. ORe 


1800 


WC 


S H 


92. 4W-6. lC-0. 5Mn-l. ORe 


1550 


WC 


S I 


90. 9W-6. lC-3. ORe 


1800 


WC + 1. 1 (W, Re),C 


S J 


91. 2W-6. 2C-2. ORe-O. BCrjO, 


1800 


WC 
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mmmmm^t Ltzo ^iti^z^^^xxum^jj (mm : c u, mms. ; 5 o k v 
, mmh%; 2 5 0mA) ^^fv\ m^^o^^im^- mMLfzo ^<D^^^m 

IKmULfZo W2C, MnyCs, R e O-^Wfifi^ WC^*t;TtTm5^*<7) 

{iMn;6nm4%. R e :^>^'2mfi%tT@^?^. S 7t^J'^»<^T i , Ta, Cr 
[0 0 2 3] 

-e LT. #^f^^^t3TfTM<7)¥*^fi@ 2 . 5 mmiSi^3^^ 3 0 fi»%r^iJP L 
T^L^tfT-fl-^L. 2 0 OMP z(D)±.tiXi> ^X^mmi^\^fz^ik. M^^Xl 1 

5 0 r - 2 0 ^<7)M • J: 19 ^mmm^^^'kntzo - y ^ 
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^imT-lf-A^|3e^-i:t'J:oT. Mn, R e is J: t/^ 2 Hv^TC^OUvtM^M 

i, Ta, c r i>mmizmm^ti^^t:^mm'^^^^o 

[0 0 2 4] 

[^2] 





^ mm. I'm 


WC 4^ <D 


is-^ 


( u m) 








WC 




MnyCg 


(a« %) 


S A 


3. 0 






0. 20Mn 


S B 


3. 4 






0. 50Mn 


S C 


2. 5 


1. 8 




0. 87Mn 


S D 


1 . 9 




2. 3 


0. 95Mn 


S E 


1 . 7 


1 . 5 




0. 65Mn+0. 33Ti 


S F 


2. 4 






0. 62Mn+0. 37Ta 


S G 


3. 4 






1 . OORe 


S H 


2. 7 






0. 47Mn+0. 93Re 


S I 


1 . 9 






1 . 85Re 


S J 


1. 7 






1 . 75Re+0. 35Cr 
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'^K. nhfifzSA-S ] (7)1}um^mmMtmm<7)W, C, Mn, ReiSXX/ 
TtTlt$tLTv^^^iij|±^#;6U . 0 ju m<DCo, 1. 2/xmCONi, 1. 5 /u m 
OFe, 1. I /ucnKDT a C, 1. 2jum<D (W, Ti, Ta) C (MMtt-CW 
C/T i C/T a C= 5 0/2 O/^S 0) , 1. 2//m<7)WC (WC/Mtlfi-T 
) , 3. 0//m<7)WC (WC/C^IH-t) , 1. l;«m<7)TiC, 1. 6jum(D 
C r3C2C0#fe^7^^fflv^T. ^3. 4 tl^-rgfi-^MtlffS J^7^>^;^$i7K 

^^>i)V>{iC 03W3C, Ni2W4C, F e 3W3C L^V^'^^;|=a^|IH(7)tf 
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"k^mK^mt. 1 9 6MP a(^j±:^J-e^ oT 5. 5X9. 5 X 2 9 mmOJEJ^ 

0 1 2 0 0°C^-e{±2 0 P a<Dm^^t MiKDM.'it ■ MWc^m^-T ^fzi^K 

1 0 k P a <7) A r ^SA LTtm. ^ 3 . 4 Km^Lfzi&mx- ^ o T 1 PfKJn 

LT . ^^B^p°o 1-12 Rmm^a 1-12 O^lf-^^^^f/io 
[0 0 2 6] 

11^31 





BB ^ a fi£ 


(V) 


m 


1 


96.0SA-4.0Co 


1440 


9 


90. OS B -1. 5W-4. OCo-4. ONi 


1420 


3 


89. OS C -3. OW-8. ONi 


1420 


4 


84. 7S D -0. 3C-15. OFe 


1420 


5 


91. 9S E -0. IC-8. OCo 


1400 


6 


89. OS F -3. OW-8. ONi 


1420 


7 


92. OS G -8. OCo 


1400 


8 


92. OS G -2. OTaC-6. OCo 


1400 


9 


60. OS G -32. 0 (W, Ti , Ta)C-8. OCo 


1400 


10 


91 . 8S H -0. 2C-8. OFe 


1420 


1 1 


89. OS I -3. OW-8. ONi 


1420 


12 


91. 9S J -0. IC-8. OFe 


1420 
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^4] 





SB ^ m ^ 
(a*%) 


(t:) 


it 

pa 


1 


40. OWC/M-55. 8VC/C-0. 2Mn-4. OCo 


1440 


0 


90. OWC/C-1. 5W-0. 5Mn-4. OCo-4. ONi 


1420 


3 


70. OWC/M-18. lWC/C-3. OW-0. 9Mn-8. ONi 


1420 


4 


82. lWC/M-0. 3C-2. 6Mn-15. OFe 


1420 


5 


70. OWC/M-21. OWC/C-0. 4TiC-0. 6Mn-8. OCo 


1400 


6 


70. OWC/M-18. OWC/C-3. OW-0. 4raC-0. 6Mn-8. ONi 


1420 


7 


30. OWC/M-61. 2WC/C-0. 8Re-8. OCo 


1400 


8 


91. lWC/C-2. OTaC-0. 9Re-6. OCo 


1400 


9 


20. OWG/M-39. 4WC/C-32. 0(W, Tl, Ta)C-0. 6Re-8. OCo 


1400 


10 


40. OWC/M-50. 4WC/C-0. 2C-0. 5Mn-0. 9Re-8. OFe 


1420 


1 1 


50. OWC/M-36. 3WC/C-3. OW-2. 7Re-8. ONi 


1 42 0 


1 2 


7 0. OWC/M-1 9. 7WC/C-0. I C-0. 4Cr3C.-l . 8Re-8. OFe 


1420 



[0 0 2 81 

4. 0X8. 0X25. 0mm<?)f^4^ctIfpML> ^ \ ^'^K^hm^ti^m\ 
^yii-Ts^'r^m^^fz^n.: 4 9 0 N-ec7)®$ jo J:t/5^:^lltt^KlC (I 
[0 0 2 9] 
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1^5] 



M*4 

:az. na 


(MPa) 


(HV) 


^mU'it fit 

(MPa-m'^') 




1 


22 1 0 


1820 


8. 3 




2 


2820 


1610 


10. 8 




3 


2840 


1610 


10.9 




4 


3390 


1310 


19. 8 




5 


2700 


1640 


10.4 




6 


2920 


1620 


10. 5 


n 
pp 


7 


2 7 50 


1620 


10. 6 


8 


2 3 60 


1720 


9. 3 




9 


20 50 


1690 


9. 7 




10 


2 790 


1 630 


12. 5 




1 1 


2840 


1610 


11.0 



[0 0 3 01 

[^61 





(MPa) 


m ^ 

(HV) 


m. 

(MPa-in'^2) 




1 


22 20 


1 820 


7. 9 


It 


2 


2800 


1 590 


10. 0 




3 


2730 


1 590 


10. 5 




4 


32 20 


1 280 


1 7. 5 




5 


2 730 


1630 


9. 8 


PP 


6 


2840 


1610 


10. 1 




7 


2750 


1610 


10. 2 




8 


2390 


1 720 


8. 9 




9 


2010 


1690 


9. 4 




10 


2380 


1600 


12.0 




1 1 


2 7 50 


1590 


10. 6 




12 


2470 


1 640 


9. 0 
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[0 0 3 21 

[m7] 



si ^ 




¥ 1^ ^ S 






WC 


^ "a 


3i :^ ^ lb 


WC 


AL :^ S 




1 


93. 0 


7. 0 


0 


2. 9 






2 


86. 5 


13. 5 


0 


3. 5 






3 


86. 3 


13. 7 


0 


2. 3 






4 


72. 0 


28. 0 


0 


1 . 7 






5 


86. 4 


13. 6 


0 


1 . 8 




6 


86. 4 


13. 6 


0 


2. 1 






7 


86. 5 


13. 5 


0 


3. 2 




8 


87. 7 


10. 3 


2. OTaC 


3. 1 


1.3 




9 


49. 6 


11.8 


38. 6 (W. Ti, Ta) C 


2. 1 


2. 1 




10 


86. 3 


13. 7 


0 


2. 4 






i 1 


85. 9 


14. 1 


0 


1. 9 






12 


86. 4 


13. 4 


0 


1. 5 
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#^ 


# C7) a fi£ 


( u m) 


wc 






WC 




a 
pp 


1 


92. 7 


7. 3 


0 


2. 7 





2 


85. 7 


14. 3 


0 


3. 5 





3 


85. 0 


15. 0 


0 


2. 3 





4 


70. 4 


29. 6 


0 


1 . 7 





5 


83. 8 


14. 2 


2. 0(W, Ti)C 


1 . 7 


2. 1 


6 


85. 8 


13. 8 


0. 4TaC 


2. 1 


1. 7 


7 


86. 1 


13. 9 


0 


3. 1 




8 


87. 1 


10. 9 


2. OTaC 


3. 0 


1 . 4 


9 


49. 3 


12. 1 


38. 6 (W, Ti , Ta)C 


2. 0 


2. 3 


10 


85. 3 


14. 7 


0 


2. 3 




1 1 


84. 5 


15. 5 


0 


1. 9 




12 


84. 7 


15. 3 


0 


1. 5 





[0 0 3 4] 



ti^<op)f^mi&^m.i,zxti. 8 ovx-immL^j:-^^^h^mm (hf : hno3= i 
(Dmmt^i,z\£-ij-i,zx*tx 5 ox:x2 Af^muwi-^h^itizx-ox, mm^ 
im9. 10 izmuLfzo 

[0 0 3 5] 
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[5^9] 



mm 


Mn, Re/^^ 

(mm%) 


Mn, Re 


fa "a" t@ 
(M *%) 


Mn. Re 
/WC 

(&m%) 


m ^ fit 






1 


0. 1 8Mn 


0. 1 8Mn 


0. 81Mn 


4. 3 


0. 1 5Mn 


2 


0. 46Mn 


0. 45Mn 


1 . 05Mn 


8. 5 


0. 40Mn 


3 


0. 85Mn 


0. 85Mn 


2. 1 IMn 


8. 7 


0. 73Mn 


4 


0. 51Mn 


0. 55Mn 


1 ] . 82Mn 


15.5 


0. 84Mn 


5 


0. 60MI1 


0. 59Mn 


0. 96Mn 


8. 4 


0. 55Mn 


6 


0. 56Mn 


0. 57Mn 


1 . 43Mn 


8. 5 


0. 49Mn 


7 


0. 87Re 


0. 88Re 


2. 37Re 


8. 4 


0. 81Re 


8 


0. 90Re 


0. 92Re 


2. 64Re 


6. 4 


0. 82Re 


9 


0. 58Re 


0. 60Re 


1 . 23Re 


8. 3 


0. 83Re 


10 


0. 43Mn 
+0. 92Re 


0. 48Mn 
+0. 90Re 


1. 14Mn 
+2. 29Re 


8. 3 


0. 40Mn 
+0. 82Re 


1 1 


2. 63Re 


2. 68Re 


14. 34 


8. 6 


1 . 56Re 


1 2 


1 . 86Re 


1 . 84Re 


6. 55 


8. 2 


1 . 42Re 


[0 0 3 6] 

mi 01 


#^ 


Mn, Re/±i^ 

(mm%) 


Mn, Re 


i>g ^ m 


Mn, Re 
/WC 






it 

a 
pa 


1 


0. 20Mn 


0. 20Mn 


4. 02Mn 


4. 5 


0. OSMn 


2 


0. 43Mn 


0. 50Mn 


4. 78Mn 


8. 9 


0 


3 


0. g4Mn 


0. 90Mn 


9. 87Mn 


9. 3 


0. OSMn 


4 


2. 61Mn 


2. 60mN 


14. 33Mn 


1 8. 0 


0. 05Mn 


5 


0. 61Mn 


0. 60Mn 


6. 71Mn 


9. 0 


0. OIMn 


6 


0. 61Mn 


0. 60Mn 


6. 46Mn 


9. 1 


0. OSMn 


7 


0. 80Re 


0. 80Re 


8. 78Re 


9. 0 


0 


8 


0. 87Re 


0. 90Re 


12. 09Re 


7. 2 


0. OlRe 


9 


0. 60Re 


0. 60Re 


6. 54Re 


9. 0 


0 


1 0 


0. 48Mn 
+0. 92Re 


0. 50Mn 
+0. 90Re 


1 5. 71Re 


8. 9 


0 


1 1 


2. 69Re 


2. 70Re 


22. 56Re 


11.9 


0. OlRe 


12 


1. 77Re 


1 . 80Re 


1 7. 62Re 


9. 9 


0. 04Re 



[0 0 3 7] 
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^tt^^^Ti^^, (D=(i>-<2)60^tct3£orWC4'^«OMn, R e Hvti^^tb L 
Re ^^IS^^t;?^1-'SMn, R e (T)-^^* ^ <7)«;5- 

[0 0 3 8] 

am-r^i'^m^L. ^m^'^^mzm-}nLfz-r>ti^>isxzfxtfzitu^'yAi, 
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ft m tt^JiiWriiift^TiT^E^jiiiffr 5 8 o#M y K;^i^ 



